Objectives: The aim of this study was to investigate the incidence and predictors of deep sternal wound infection (DSWI) in a contemporary cohort of patients undergoing cardiac surgery. The early and late outcomes of patients with this complication also were analyzed.
D
EEP STERNAL WOUND INFECTION (DSWI) is a rare but serious complication after cardiac surgery and is associated with the need for subsequent surgical procedures, a prolonged hospital stay, and increased mortality and morbidity. The incidence of this complication ranges between 0.5% and 2.7% in recent series. 1, 2 Previous studies that reported independent risk factors for the occurrence of this complication included predominantly patients undergoing coronary artery bypass graft (CABG) surgery. During the last decade, however, with the broader application of percutaneous coronary intervention, the population of patients undergoing cardiac surgery has changed substantially. 3 An increasing proportion of patients are referred for complex cardiac procedures such as multiple-valve surgery, combined valve/CABG surgery, or aortic procedures, whereas the number of patients undergoing isolated CABG surgery has steadily decreased. 4 This changing patient profile implies that risk factors for DSWI identified by previous studies performed in less representative study populations are not applicable to current clinical practice.
This study was designed to identify the incidence, independent risk factors, and early and late survival after DSWI in a large contemporary series of patients undergoing cardiac surgery.
METHODS
From January 1998 to December 2005, 6,326 consecutive patients who underwent cardiac surgery at the authors' institution, were retrospectively analyzed. A total of 528 patients (ventricular-assist device implantation or heart transplantation, n ϭ 221; thoracotomy approach for descending thoracic aortic surgery, n ϭ 307) were excluded. The remaining 5,798 patients formed the study population.
The protocol was approved by the local institutional review board and is compliant with the Health Insurance Portability and Accountability Act regulations and the ethical guidelines of the 1975 Declaration of Helsinki. The approval included a waiver of informed consent.
Clinical variables were prospectively entered into the New York State Department of Health (NYSDH) Data Registry and used for this retrospective analysis. Patient demographics and risk factors, operative information, and postoperative outcome data were retrospectively analyzed. Medical chart review was performed to obtain additional clinical data. The European System for Cardiac Operative Risk Evaluation (EuroSCORE) was calculated for every patient and used for risk stratification. 5 The EuroSCORE is a risk-stratification system using multiple preoperative risk factors to predict operative mortality in cardiac surgery patients (www.euroscore.org). Patients were divided into 4 subgroups determined by their logistic preoperative predicted mortality as follows: low risk (Ͻ3%), moderate risk (3%-9%), high risk (10%-25%), and very high risk (Ͼ25%). Preoperative variables and their definitions are reported in Appendix 1.
The main outcome variable of this study was DSWI. This complication was defined as drainage of purulent material from the sternotomy wound and instability of the sternum. Reporting DSWI is mandatory for up to 6 months postoperatively. The definition of the NYSDH excluded any cases of superficial sternal wound infection. Multiple bacterial cultures were obtained in all patients from the wound (tissue margins, cartilage, bone, abscesses, or drainage fluid) and blood samples.
Additional postoperative variables included hospital mortality, other major postoperative complications (respiratory failure, renal insufficiency, bleeding requiring reoperation, gastrointestinal complications, and stroke), length of hospital stay, and late survival (Appendix 1). The follow-up survival information for each patient was assessed by cross-matching each patient's social security number with the Web-based social security death index. 6 All patients underwent full (93%) or partial sternotomy (7%). The majority of procedures (n ϭ 5,380 [93%]) were performed using cardiopulmonary bypass (CPB). The remaining 7% of procedures were performed without the use of CPB (n ϭ 418, all off-pump CABG surgery). After systemic heparinization, CPB was instituted between the ascending aorta and either the right atrium using a 2-stage cannula or both vena cava. Cardioplegia using high potassium cold blood was administered in an antegrade and/or retrograde fashion for myocardial protection. In patients undergoing valve surgery, further myocardial protection was obtained with mild-to-moderate systemic cooling (28°C-30°C). Procedures involving the aortic arch were performed in deep hypothermic circulatory arrest. After surgery, all patients were transferred to the intensive care unit and were weaned from the ventilator when hemodynamic stability was achieved, no postoperative bleeding occurred, and adequate consciousness was obtained.
Intravenous antibiotic prophylaxis was used in all patients and included vancomycin (1,000 mg preoperatively and 500 mg after CPB) and cefazolin (1,000 mg every 4 hours intraoperatively and every 8 hours for 48 hours after surgery). Antibiotic prophylaxis was prolonged for 48 hours in patients undergoing valvular and aortic surgery with vascular graft interposition.
Normally distributed continuous variables are presented as mean Ϯ standard deviation or median and interquartile range (IQR). Categoric variables are shown as percentages of the sample. A p value Յ0.05 was considered statistically significant for all used tests. The data were explored by contingency table analyses to look for evidence that some values should be grouped and for evidence of a linear trend in continuous variables. The chi-square test, Fisher exact test, and the linear by linear test were used to identify preoperative factors that significantly influenced the occurrence of mediastinitis when considered one at a time. The preoperative variables included into this analysis are shown in Appendix 1. The variable "procedure" was entered as a category, and CABG served as a reference category. A stepwise logistic regression analysis was performed to identify independent predictors of mediastinitis. The cutoff p value for inclusion and exclusion was 0.10. The odds ratio (OR), corresponding 95% confidence interval (CI), and the p value are reported for each independent factor. The Hosmer-Lemeshow goodness-of-fit test was used to assess the performance of the analysis. A p value Յ0.5 indicated that the model was well calibrated and fit the data well. This analysis included additional postoperative variables. Long-term survival was analyzed by using Kaplan-Meier survival curves. Differences in patient characteristics were adjusted by Cox proportional hazard analysis. The proportionality assumption for all variables included in the Cox regression was assessed with lognegative-log survival distribution functions. Statistical analysis was performed by using statistical software (SPSS for Windows, version 15.0; SPSS, Chicago, IL).
RESULTS
A total of 5,798 patients with a mean age of 64 Ϯ 14 years were included in this study. Sixty-two percent (n ϭ 3,612) of patients were men. Patient demographics and distribution of risk factors are shown in Table 1 . Surgical procedures included isolated CABG surgery (47%, n ϭ 2,749), single-or multiplevalve surgery (22%, n ϭ 1,280), combined valve/CABG procedures (16%, n ϭ 934), and surgery involving the ascending aorta or the aortic arch (15%, n ϭ 835). The median-predicted mortality by EuroSCORE was 6% (IQR ϭ 3-13).
The annual incidence of DSWI was 1.8% (n ϭ 106). The diagnosis of DSWI was confirmed by wound culture on average 15 Ϯ 10 days after the initial cardiac procedure. The rate of DSWI was different when patients were stratified by the following surgical procedures: isolated CABG surgery (n ϭ 50, 1.8%), isolated valve surgery (n ϭ 14, 1.1%; single valve: n ϭ 5/909, 0.6%; multiple valve: n ϭ 9/371, 2.4%), combined valve/CABG procedures (n ϭ 22, 2.4%), and aortic surgery (n ϭ 20, 2.4%) (p ϭ 0.011) (Fig 1) . The rate of DSWI in patients undergoing aortic surgery involving the aortic arch was 3.7% (n ϭ 7/223). In the subgroup of patients undergoing CABG surgery, the rate of DSWI was similar between those who had single versus double internal mammary artery grafts (1.8% v 1.9%, p ϭ 0.9). Similarly, the incidence of DSWI was not different between patients undergoing off-pump CABG surgery and those who underwent conventional CABG surgery with the use of CPB (1.3% v 2.2%, p ϭ 0.120). When patients were stratified by EuroSCORE, the incidence of DSWI was as follows: low risk (n ϭ 17, 1.2%), moderate risk (n ϭ 38, 1.7%), high risk (n ϭ 33, 2.3%), and very high risk (n ϭ 18, 2.6%) (p Ͻ 0.001). Wound cultures were positive and showed the bacterial etiology in 104 patients (98%), whereas 2 patients presented with negative cultures. Isolated microorganisms included grampositive bacteria (n ϭ 81, 78%) gram-negative bacteria (n ϭ 63, 61%), and fungi (n ϭ 6, 6%). In 37 (35%) patients, more than 1 strain was identified. The most prevalent gram-positive organism was methicillin-resistant Staphylococcus aureus (MRSA) (n ϭ 28, 35%), followed by Staphylococcus epidermidis (n ϭ 24, 30%), and methicillin-sensitive Staphylococcus aureus (n ϭ 18, 22%). Acinetobacter spp (n ϭ 12, 19%), Pseudomonas spp (n ϭ 11, 17%), and Enterobacter spp (n ϭ 10, 16%) were the most prevalent species among the gramnegative bacteria. Thirty-one patients out of 104 had both positive wound and blood cultures ( Table 2 ).
There were significant differences when comparing patients with DSWI and patients without this complication (Table 1) . Postoperatively, patients with DSWI were significantly more likely to have undergone re-exploration for bleeding. Differences in postoperative variables between DSWI and control group are shown in Table 3 .
Multivariate regression analysis revealed 8 independent preoperative predictors of DSWI: chronic obstructive pulmonary disease, diabetes, body mass index Ͼ30 kg/m 2 , history of myocardial infarction, preoperative hospitalization Ͼ3 days, aortic calcification, combined valve/CABG procedures, and aortic procedures (Table 4) . When intra-and postoperative variables were added to the model, a CPB time Ͼ150 minutes, re-exploration for bleeding, and respiratory failure were identified as additional independent predictors of this complication.
The authors' standard protocol for the treatment of DSWI included 6 weeks of appropriate intravenous antibiotics. In addition to medical therapy, all patients underwent surgical wound debridement with excision of all infected and necrotic subcutaneous tissue until viable tissue was reached. The anterior 20 (19%) patients. Other modalities of sternal closure included the use of a musculocutaneous pectoral flap alone (n ϭ 47, 44%), with an additional rectus flap (n ϭ 28, 26%), or with an additional omental transposition (n ϭ 4, 4%). In 7 (6%) patients, chest closure was performed with an isolated omental transposition.
The hospital mortality of patients with DSWI was 14% (n ϭ 15) compared with 3.6% in the control group (n ϭ 205) (p Ͻ 0.001). Causes of death in the DSWI group included multisystem organ failure (n ϭ 8, 53%), fulminant sepsis (n ϭ 3, 20%), respiratory failure (n ϭ 2, 13%), and ischemic bowel disease (n ϭ 2, 13%). Patients who died after DSWI were more likely to be female and to have a previous history of stroke, congestive heart failure, or renal failure.
The increased mortality associated with DSWI was observed across all EuroSCORE groups. Although there were more DSWI-related deaths in patients with a high EuroSCORE, the relative risk of dying after this complication was significantly higher (Ͼ12 times) in patients with a low EuroSCORE (Table 5) .
Patients with DSWI were more likely to present other major postoperative complications including respiratory failure (n ϭ 42, 40%), renal failure (n ϭ 10, 9%), gastrointestinal complications (n ϭ 14, 13%), sepsis (n ϭ 25, 24%), and postoperative stroke (n ϭ 9, 8%) ( Table 3 ). The mean length of hospital stay was significantly increased in patients with DSWI compared with the control group (41 days [IQR ϭ 11-77] v 7 days [IQR 5-11], p Ͻ 0.001).
The mean follow-up time was 4.2 Ϯ 2.5 years. Long-term survival of discharged patients with DSWI was significantly decreased compared with those without this complication. One-, 3-, and 5-year crude survival rates were 72.4% Ϯ 4.4%, 64.3% Ϯ 4.9%, and 55.8% Ϯ 5.6% for patients with DSWI compared with 93.8% Ϯ 0.3%, 88.0% Ϯ 0.5%, and 82.0% Ϯ 0.6% for the control group (p Ͻ 0.001) (Fig 2) . There was no significant difference in long-term survival according to whether DSWI was caused by MRSA or other organisms.
DISCUSSION
The reported incidence of DSWI has ranged from 0.5% to 6.8%. 1, 7, 8 This variation may be explained by differences in study design (case control v retrospective observational studies), patient profile, type of surgical procedures performed, and definitions of DSWI. DSWI has been defined as bone-related infections with the need for surgical intervention, 9,10 but a number of studies also included superficial wound infections, consequently reporting a higher incidence of this complication. 8, 11 Patients were identified according to the NYSDH criteria, which exclude superficial wound infections and mandate reporting of DSWI for up to 6 months after the initial procedure. By this definition, the overall incidence of DSWI in the present patient cohort was 1.8%, which is similar to that reported by previous studies. The authors observed an increased rate of DSWI (2.4%) in patients who underwent more complex procedures. This finding also was confirmed by the Parisian Mediastinitis Study Group, who reported an incidence of 3.6% in patients undergoing combined valve/CABG procedures. 12 Previous studies have been dominated by patients undergoing isolated CABG surgery. 2, 9, [13] [14] [15] In recent years, however, the number of patients undergoing CABG surgery has steadily decreased; a greater number of patients are currently referred for more complex surgical procedures. One of the strengths of the present analysis is that more than 50% of patients underwent valvular or aortic surgery. Therefore, independent risk factors identified in this series can reliably be used to predict the occurrence of DSWI in a contemporary group of cardiac surgery patients. Eleven independent risk factors for DSWI were identified. These risk factors could be divided into 2 groups: patient related (diabetes, obesity, prior myocardial infarction, chronic obstructive pulmonary disease, and aortic calcification) and procedure related (combined valve/CABG procedures, aortic surgery, CPB-time, re-exploration for bleeding, and respiratory failure). In contrast to previous studies, however, the authors did not observe a correlation between DSWI and reoperation or the use of bilateral internal mammary artery. 12, 13 The impact of obesity on this complication is well established. 2, 8, [12] [13] [14] [15] [16] In a study by Gummert et al, 15 obese patients (body mass index Ͼ30 kg/m 2 ) had a 1.5-times increased adjusted risk for DSWI after cardiac surgery. In the present cohort, obesity was associated with a more than 2-fold increased risk of DSWI. The underlying mechanism remains unclear; it has been suggested that factors such as technical difficulties, prolonged operative time, and poor bioavailability of antibiotics in obese patients may contribute to the development of DSWI. 17 CPB has been shown to result in hypoperfusion of adipose tissue 18 ; resultant ischemia may predispose obese patients to subsequent infection, particularly in the setting of prolonged surgical procedures. The prevention of DSWI in obese patients could potentially be achieved through preoperative controlled weight loss in patients scheduled for highrisk, elective surgery.
Diabetes is also a well-known risk factor for mediastinitis. 9, 14, 15 In the authors' practice, diabetic patients had a 1.7-times increased risk for this complication. The importance of perioperative glucose control in diabetic patients has been suggested by Furnary et al 19 , who analyzed 2,467 diabetic patients undergoing cardiac surgery and reported that elevated glucose levels (Ͼ200 mg/dL) during the first 2 postoperative days were associated with DSWI. Furthermore, these authors also have suggested that tight glycemic control was associated with a more than 50% decrease in operative mortality in cardiac surgery patients. 20 However, in a randomized trial by Gandhi et al 21 of intensive intraoperative insulin therapy in 400 cardiac surgical patients, intensive glycemic control did not result in significantly fewer wound infections and was associated with higher incidences of death and stroke.
One of the strongest patient-related risk factors identified in this analysis was the presence of aortic calcification. This may be a marker for advanced atherosclerotic disease, which is at the origin of all major postoperative complications. 22 As shown in Table 3 , patients who developed DSWI had a significantly higher rate of major postoperative comorbidities, particularly stroke, renal failure, and gastrointestinal complications, which often are seen in patients with diffuse atherosclerosis.
Risk factors for DSWI that were identified included complex cardiac surgery procedures (aortic and combined valve/CABG procedures) that often require prolonged CPB times. Patients undergoing combined valve/CABG procedures and aortic procedures suffered the highest rate of DSWI (2.4%). The adjusted relative risk of DSWI in patients undergoing these procedures compared with isolated CABG surgery was 1.9 and 2.4, respectively. In addition, when operative variables were added to the regression model, a CPB time Ͼ150 minutes was identified as an additional risk factor, suggesting that the complexity of the procedure plays a significant role in the occurrence of DSWI. The Parisian Mediastinitis Study Group authors found that the highest rate of DSWI occurred in patients undergoing combined valve/CABG procedures (3.6%). 12 The association between the complexity of the procedure and the development of DSWI underlines the need for the development of alternative surgical strategies in selected patients, which could lower the risk of this complication without reducing treatment efficacy. In an attempt to improve outcomes in high-risk patients with concomitant coronary and valvular heart disease, Byrne et al 23 propose a staged approach with valvular surgery preceded by percutaneous coronary intervention. These authors reported a very low operative mortality and morbidity and suggested that a "hybrid" approach may improve outcomes by reducing the complexity of the operative procedure and the operative time. In patients undergoing surgery for aortic arch aneurysm, the utilization of endovascular stent graft techniques combined with brachiocephalic bypass may offer an acceptable alternative. 24 National Nosocomial Infections Surveillance reports that the rate of MRSA has risen from 30% in 1989 to 60% in 2005 in intensive care unit patients with nosocomial infections. 4 This is similar to the finding that MRSA was the causative microorganism in a third of the DSWI patients. The impact of this multiresistant microorganism on hospital outcome of patients with DSWI is not well studied. In 1 recent study, analyzing 41 patients with S aureus-related DSWI, the mortality rate of MRSA patients was 40% compared with 12% in the methicillin-sensitive S aureus group. 25 The authors were not able to confirm this finding, possibly because of the small size of the sample.
Despite aggressive antibiotic treatment and surgical therapy, the mortality in patients with mediastinitis remains high. 9, 11 Several recent studies have reported a hospital mortality in the range of 15% to 40%. 15, 26 In the present study in patients undergoing CABG surgery, combined valve/CABG procedures, and aortic procedures hospital mortality was 10%, 17%, and 15%, respectively. The relatively low mortality rate of the present series may be related to the fact that the authors have adopted an aggressive surgical approach in the management of DSWI with the use of vacuum-assisted closure, allowing the immediate drainage of purulent discharge and providing clean and granulating tissue for secondary closure. Luckraz et al 27 have compared the vacuum-assisted closure with a more classic approach of sternal rewiring and the application of a closed irrigation system. The authors showed a significantly reduced hospital mortality rate in the vacuum-assisted closure group (8% v 29%). The authors believe that the systematic application of this approach in their practice has helped minimize the rate of subsequent infection and has contributed to improved surgical outcomes.
Long-term survival was significantly reduced in patients with DSWI. The burden of this complication continued beyond the initial hospitalization, with a significantly higher rate of death during the first postoperative year. By the end of the first year, there was a 15% absolute survival difference between patients without DSWI and those who developed this complication. This may be caused not only by the physiologic burden posed by DSWI but also because DSWI is a surrogate for major comorbidity. This assumption is supported by the observation that the incidence of DSWI is correlated to the predicted mortality by EuroSCORE. This implies that at least some patients who die after DSWI were independently disposed to peri-and postoperative death regardless of this complication. This is one of the largest studies analyzing the occurrence of DSWI and its impact on early and long-term outcome in a heterogenous group of patients undergoing a range of cardiac surgical procedures. Therefore, the findings are applicable to general clinical practice. The data provided in this study were extracted from a state-mandated database with an external audit and therefore provide a very accurate description of pre-, intra-, and postoperative variables. This was, however, a retrospective observational study, and, therefore, conclusions are necessarily limited in their application. The authors' analysis did not include previously reported risk factors for DSWI such as inotropic support, blood transfusion requirements, or length of stay in intensive care unit. 18 The clinical outcome analysis focused on postoperative mortality and morbidity, and the authors were not able to provide information on late complications, quality of life, and cause of death after discharge.
SUMMARY
Deep sternal infection has an incidence of 1.8% in the authors' practice. Improvements in surgical management using a staged approach with vacuum dressings have contributed to improved outcome, but mediastinitis still has a significant negative impact on long-term outcome. The most important patient-related independent risk factors for DSWI include obesity, diabetes, and aortic calcification. The main procedure-related independent risk factors identified were procedural complexity, CPB time, and re-exploration for bleeding. Future research efforts should focus on the identification of patients at risk, the development of preventive measurements, and the development of alternative therapies in high-risk patients. Diabetes mellitus requiring medication Hypertension (systolic blood pressure Ն140 and/or diastolic blood pressure Ն90 based on 3 measurements, each separated by a 2-week interval) Prior cerebrovascular accident (CVA; documented history of stroke with or without residual deficit, angiographic or ultrasound documentation, and previous surgery for such disease) Peripheral vascular disease (PVD; angiographic demonstration of at least 50% of narrowing in a major aortoiliac or femoral-popliteal vessel, previous surgery for such disease, absent femoral or pedal pulses, or the inability to insert a catheter or intra-aortic balloon because of an iliac aneurysm or obstruction of the aortoiliac or femoral arteries) Ascending aortic calcification Chronic obstructive pulmonary disease (COPD; patients who require bronchodilator therapy for longer than 3 months to avoid disability from obstructive airway disease or FEV1 Ͻ75% of the predicted value or less than 1,25 L or room air pO 2 Ͻ60 -pCO 2 Ͼ50) Prior myocardial infarction (any episode of myocardial infarction before surgery, timing should be from the onset of symptoms to the start of the surgery) Prior percutaneous coronary intervention (PCI) Extent of coronary artery disease (vessels) Prior heart surgery Congestive heart failure (New York Heart Association class III and IV) Active endocarditis (2 or more positive blood cultures without other obvious source with demonstrated valvular vegetations or acute valvular dysfunction caused by infection) Ejection fraction (%) Urgent surgery (requiring surgery during current hospitalization) Emergent surgery (refractory unrelenting cardiac compromise requiring emergency surgery with or without hemodynamic instability) Hemodynamic instability (before or at the induction of anesthesia the patient requires pharmacologic or mechanical support to maintain blood pressure or cardiac output)
Intraoperative variables Type of procedure (valve surgery, coronary artery bypass graft surgery, aortic procedures) Cardiopulmonary bypass time (min) Cross-clamp time (min)
Postoperative variables Hospital mortality (death during same admission or within 30 days after surgery when discharged) Renal failure (requiring dialysis) Respiratory failure (prolonged ventilator therapy Ͼ72 hours, reintubation, or requirement of tracheostomy) Stroke (new permanent neurologic event; early stroke: Յ24 hours; delayed stroke Ͼ24 hours postoperatively) Myocardial infarction (new Q-wave infarction within 48 hours after surgery) Deep sternal wound infection (bone related; any drainage of purulent material from the sternotomy wound and instability of the sternum) Unplanned reoperation (any unplanned cardiac reoperation or percutaneous coronary intervention as result of current cardiac surgery; excludes reoperation for bleeding within 36 hours) Sepsis (fever and positive blood culture related to the procedure) Gastrointestinal complication (any episode of vomiting blood, gross blood in the stool, perforation, or necrosis of the stomach or intestine) Bleeding requiring re-exploration (reoperation to control bleeding or evacuate large hematomas within 36 hours after initial surgery) Length of hospital stay
